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Abstract
NeuroIS is an emerging and promising academic
field that has attracted increasing attention. The year
2017 signifies the 10th year of existence of NeuroIS as
a research field in information systems area. In this
study, we conduct a systematic literature review of the
NeuroIS academic research publications of last 10
years (2007-2017). As a result, we categorize the
existent NeuroIS literature into 8 groups, explore the
correlations among various NeuroIS concepts/
constructs, and demonstrate how the study enhances
our understanding of the granulated interrelationships between pairs of NeuroIS elements. The
implications of the result to the NeuroIS research
community are discussed.

1. Introduction
NeuroIS 1 has emerged over the past decade as a
significant new IS research field that has attracted
increasing attention. More and more researchers have
started investigating what neuroscience can do about
the human interactions with information systems. To
engage in this developing endeavor, it is thus
important to have a synthesis of the research
publications so far in the field of NeuroIS, identify the
research streams existing in current literature, and
explore the relationships among the elements
important to NeuroIS research. Such an effort would
better inform researchers about the state-of-the-art of
NeuroIS, and facilitate their efforts in making further
contributions to the field of NeuroIS. This synthesis
what our paper is focusing on.
The emergence of NeuroIS was preceded by the
phenomenon that neuroscience has been extensively
studied as a key to understanding human behaviors [1,
1

The term NeuroIS (Neuro-Information-Systems) has been
addressed by Dimoka et al. [2007] to describe the idea of applying
cognitive neuroscience theories, methods, and tools in
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2]. This approach has been applied in a wide variety of
fields such as social science [3-6], economic science
and computer science [7-9]. Since the Information
Systems (IS) field tries to explain human behavior in
the interactions with information technology, in
accordance with the trend of advance of neuroscience
in other fields, IS researchers have also begun to
investigate the potential of neuroscience for IS
research. With the increased use of Neuroscience
methods and tools in scientific fields closely related to
IS, scholars have introduced the concept of NeuroIS
into the IS literature [10, 11]. The concept of NeuroIS
emerged in the course of the 2007 International
Conference on Information Systems[10]. Now
NeuroIS research is defined as “applying cognitive
neuroscience theories, methods, and tools to inform IS
[information systems research” [12]. More
specifically, Riedl, Banker [13] suggested that
NeuroIS “relies on neuroscience and neurophysiological theories and tools to better understand
the development, use, and impact of information
technologies (IT). NeuroIS seeks to contribute to …
the development of new theories that make possible
accurate predictions of IT-related behaviors, and …
the design of IT artifacts that positively affect
economic and non-economic variables (e.g.,
productivity, satisfaction, adoption, well-being)”.
Using biological signals generated from the
human body during humans’ interactions with IS,
researchers can directly measure the constructs that
underlie human behavior, particularly affective and
subconscious effects and significant new insights had
been obtained that shed lights on various IS
phenomena. Some representative examples of
NeuroIS research include [14-21].
Although the NeuroIS field is still in a nascent
stage, it is suggested that IS scholars become more
familiar with the methods, tools, and measurements,
research domains, theory types that have already been
Information Systems (IS) research. Although NeuroIS covers other
domains such as articifical intelligence, neural networks, etc., this
study mainly focuses on the publications in IS domain.
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associated with NeuroIS field [13]. A better
understanding of these NeuroIS-relevant elements and
their inter-relationships will help IS researcher to
obtain sound methodological knowledge about the
landscape of the current NeuroIS field, to be better
informed about how to engage in NeuroIS research,
and to leverage the full potential of Neuroscience for
IS research [22].
So far, an increasing number of scholars have
applied various methodologies, adopted various tools,
and analyzed various types of measurements when
investigating IS research questions [23-30]. These
contributions and discussions emerging in the NeuroIS
literature have contributed to an increased
understanding of, and interest into, NeuroIS.
However, we notice that there are only limited
number of research efforts that survey/synthesizes the
current NeuroIS research, describing in a systematic
and comprehensive manner the correlation among
tools, contribution to IS, used theory, research domain,
reference discipline and measurement of constructs
that is essential to an increased understanding of
NeuroIS research. Among the existing literature, a
study [31] provided a solid theoretic framework that
illustrates what elements should be relevant in
NeuroIS research. The study [31] is prescriptive in
nature, suggesting what should be done in NeuroIS
research.
The purpose of this study is to conduct a
systematic literature review (SLR) on the first ten
years (i.e., from the inception of NeuroIS in 2007 to
2017) of NeuroIS academic publications to provide a
descriptive overview for the first decade of NeuroIS.
That is, we want to describe what had actually been
done in NeuroIS during the past decade. Based on the
theoretic framework provided by [31], we investigate
how the existing NeuroIS literature establish the interrelations among different NeuroIS reference
disciplines, what types of contributions they made to
the IS understanding, what types of neurophysiological tools had been used, what conceptual
constructs had been measured, what research domains
had been addressed and what theory types had been
adopted, and therefore fill the void of a much needed
state-of-the-art report on the current landscape of
NeuroIS research. More specifically, we attempt to
address the following research questions: how many
categories can the current NeuroIS research be
classified into, and what are the properties of those
categories? How are the tools, research domains,
theory types and category of constructs utilized in the
NeuroIS publications associated with the various types
of contributions those publications aim to make? How
are the various components of NeuroIS research
publications (e.g., tools, domains, constructs, etc.)
inter-related?

The reminder of this paper is organized as
follows. In section 2, we describe the methodology
used in this study and the data extraction process used.
In section 3, we present the data analysis process and
results. In section 4, discusses conclusion, limitation
and future research direction.

2. Research Methodology
In this study, the PRISMA [30] guidelines has
been implemented to conduct a systematic literature
review. The PRISMA guidelines were developed to
provide a standard framework to guide the process of
systematic literature review and meta-analysis. Since
its inception in 2009, it has been adopted by
researchers in a wide range of fields.

2.1. Literature search strategy and selection
criteria
For the purpose of this study, we include research
articles from different disciplines such as
neuropsychology and NeuroIS those had utilized
neuroscience tools (e.g., fMRI, EEG, eye-tracking
devices, etc.) to study specific IS phenomena (i.e., we
do not include those positioning papers such as [23,
24, 32]). First of all, we search through Google Scholar
as well as several proprietary academic research
databases using the key term of NeuroIS. Then we
focus on the NeuroIS literature that does not directly
bear the term “NeuroIS”. This research literature we
selected to be included in our SLR analysis are from
three main sources: 1) the NeuroIS research repository
available in NeuroIS.org keeps track of the NeuroIS
related publications over the years, and includes all
Gmunden Retreat on NeuroIS, the leading academic
conference dedicated to NeuroIS research,
publications since the conference’s inauguration in
2009. We started
collecting all the NeuroIS
publications listed in NeuroIS.org; 2) we then
searched the IS journals and academic research
databases using key terms including neuroscience,
brain function, neurophysiology, psychophysiology
and other similar terms. From the result, again, we
included only those that had utilized NeuroIS tools to
investigate IS phenomena. 3) We then searched the
neuroscience/psychology
academic
research
databases (PsycINFO, PubMed) using terms including
information systems, information technology,
cyberspace, digital environment, Internet and other
similar terms. After excluding those that focus on the
medical analysis and treatment as the main research
question, a total of 131 published journal and
conference articles were collected for the analysis of
the study. Appendix 1 lists those collected articles.
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2.2. Analysis: coding and data extraction
For the coding of collected articles from the
NeuroIS literature, we adopt the NeuroIS framework
as described in [31], in which the following 6 elements
are identified as integral to NeuroIS research:
•

•

•

•

•

•

Reference disciplines of NeuroIS: the scientific
disciplines that provide insights into biological
foundation and application relevant to human
interaction with IS. Riedl and Léger [31]
identified 10 relevant scientific disciplines that
significantly inform the development of NeuroIS.
Those disciplines can be categorized into
fundamental research, which is more of theoryoriented, and applied research, which is more of
design-oriented.
Contributions to the NeuroIS research: applying
neurobiological approaches to IS research and
practice can result in significant new insights into
IS phenomena. Riedl and Léger [31] identified 10
potential contributions of neuroscience to IS
research. Similarly, those contributions can be
categorized into either a theoretic focus or a
design focus.
Tools used in NeuroIS research: a wide variety of
neuro-physiological tools are available to
facilitate IS research. Corresponding to the human
neural systems, these neuro-physiological tools
can be categorized into three kinds based on their
measuring type (i.e., central nervous systems
(CNS), peripheral nervous system (PNS), and
hormone systems).
Neuroscience theories used to inform NeuroIS
research: Riedl and Léger [31] proposed a
taxonomy of neuroscience theories from a
NeuroIS perspective, and categorized the relevant
theories into three types (i.e., analysis,
explanation, and design and action).
Constructs of interests to NeuroIS research: for
the different constructs that are relevant to
NeuroIS research, Dimoka, Pavlou [33]
developed a list of 34 such constructs, and
grouped them into 4 categories (i.e., cognitive
processes, emotional processes, social processes,
and decision-making processes).
Research domains for NeuroIS: NeuroIS research
can include a wide variety of topics, and Dimoka,
Banker [32] grouped them into 3 research
domains (i.e., development and use of systems, IS
strategy and business outcomes, and group work
and decision support).

Following the NeuroIS framework, we coded the
collected NeuroIS literature. First, a standard binary
coding protocol was developed for abstracting the six
elements from the articles. For each selected paper, we
record the citation information and review the content
of the article to check to which categories of the six
elements that the article related to. For each category
of each element, a coder assigned “1” if the particle
covers to the category, or “0” otherwise. The coder had
repeated this step for all identified articles.

3. Data analysis and results
Descriptive statistics and text mining techniques
(e.g., Text-parsing, Text-filter and Text-cluster Nodes
in SAS Enterprise Miner) have been applied to analyze
the data.

3.1. Descriptive statistics: distribution of
NeuroIS articles
Through descriptive statistics, we observed the
following patterns of the NeuroIS research so far:
•

•
•

•

•

•

The most referenced disciplines in NeuroIS
research are neuropsychology, cognitive
neuroscience, and decision neuroscience. The
least referenced disciplines are neuro-ergonomics
and affective computing.
About 47% of the NeuroIS research articles we
analyzed are of theoretic focus and 53% are of
design focus.
About 51% of the NeuroIS research utilize
neuroscience tools measuring CNS (with fMRI
and EEG as two most common tools), 44% utilize
tools measuring PNS (with eye-tracking devices
and EDA skin sensor as two most common tools).
5% of utilize tools measuring hormone systems.
45% of NeuroIS research we analyzed investigate
cognitive process constructs, 24% investigate
decision-making process constructs, 20%
investigate emotional process constructs, and
10% investigates social process constructs.
In terms of research domain, 60% of NeuroIS
research articles we analyzed are about the
development and use of systems, 22% are about
group work and decision support, and 18% are
about IS strategy and business outcome.
42% of the NeuroIS research articles we analyzed
are informed by the “explanation” type of
neuroscience theories, and the rest is split evenly
between the “analysis” type and “design and
action” type.
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3.2. Text cluster analysis: categorization of
NeuroIS articles
We are interested in investigating the interrelationships among this seemingly disparate
collection of literature. It is reasonable to assume that
some of the articles share certain common properties
with some other articles and thus it can be said that
they belong to the same type of NeuroIS research. In
order to explore this issue, we perform a text cluster
analysis.
Text mining using text clustering involves the
sorting of documents into distinct groups based on
shared descriptive terms. The process uses singular
value decomposition (SVD), Log-Entropy weighting
and an Expectation maximization algorithm and is
performed using the Text-Parsing Text-Filter and
Text-Cluster Nodes in SAS Enterprise Miner.
To determine the number of clusters for our
analysis, we follow Can and Ozkarahan [34] and
define the collection of NeuroIS literature data as a
matrix of size 131 by 50, where 131 is the number of
document, and 50 is the number of terms we used for
coding (i.e., 10 terms for reference discipline, 10 for
contribution, 20 for neuroscience tool, 3 for
neuroscience theory type, 4 for construct type, and 3
for research domain). The number of all the non-zero
entries in the collected dataset is 837. Therefore, based
on Can and Ozkarahan [34], the number of clusters can
be calculated as 131*50/837 = 7.82. Therefore, we
specify 8 clusters. This number is confirmed by the
SAS Text-Cluster Nodes, which also generate 8
clusters when we do not specify the number of clusters
in the configuration. The resultant 8 clusters can be
interpreted as 8 types of NeuroIS research in the
current literature. The following table reports the 8
clusters and their properties.
Table 1. The 8 Clusters of NeuroIS Research
Cluster

Focus

Discipline

Tools

Theory

Constructs

design &
action

cognitive

1

Design Fundamental

PNS

2

Design Fundamental

PNS

3

Design

Applied

CNS

analysis

Decision
making

4

Design

Applied

CNS

explanation

Social

5

Theory Fundamental

CNS

explanation

cognitive

6

Theory Fundamental

PNS

Analysis

Social

7

Theory Fundamental

PNS

analysis

Decision
making

explanation emotional

Research
domain
Development
and use of
system
IS strategy and
business
outcomes
Development
and use of
system
Group work and
decision support
Group work and
decision support
IS strategy and
business
outcomes
IS strategy and
business
outcomes

8

Theory

Applied

PNS

analysis

Cognitive

IS strategy and
business
outcomes

From Table 1, it can be observed that there are 8
types of NeuroIS research. The first type (cluster 1)
utilizes design and action type of theories from other
fundamental research disciplines to study cognitive
process constructs, using primarily neuroscience tools
measuring PNS, we can call this type of NeuroIS
research as cognitive research in IS design and
development. The second type of NeuroIS research
(cluster 2) attempts to utilize PNS tools to explain the
constructs of emotional processes in order to inform
the development of IS strategy and impact the
resultant business outcome. We can call this type as
emotional process impacts on IS business strategy.
The third type (cluster 3) analyzes the CNS correlates
associated with decision making process constructs in
order to inform the design and development of IS. We
can call this type as IS design and development
decision making. The fourth type (cluster 4) attempts
to explain the CNS activities associated with social
process constructs to improve group interaction and
decision support. We can call this type as social
process factors to help group decision support. The
fifth type (cluster 5) also studies the group decision
support, but from a more theoretic perspective,
focusing more on the cognitive process constructs that
impact group decision support. We can call this type
as the cognitive process factors to understand group
decision support. The sixth type (cluster 6) analyzes
the social process constructs and their relationships
with IS strategy and business outcome. We can call
this type as social process constructs and their impacts
on IS strategy and outcome. The seventh type (cluster
7) utilizes PNS activities to analyze decision making
process constructs to understand IS and business
outcome. We can call this decision making factors and
their relationships with IS strategy and business. And
last but not least, the eighth type (cluster 8) attempts to
analyze cognitive process constructs related to IS
strategy and business outcome in order to improve the
business outcome of IS strategy. We can call this as
cognitive factors to facilitate IS strategy and improve
business outcome.
These results can facilitate researchers engaging
in NeuroIS research in several ways. First of all, they
can see how their NeuroIS research efforts fit into the
big picture of NeuroIS by identifying which type of
NeuroIS research they are conducting. Also, NeuroIS
researchers can also identify potential new research
opportunities from Table 1 by incorporating elements
absent from a cluster into that specific cluster. For
example, can we attempt to utilize CNS neuroscience
tools to investigate emotional constructs that are
significant in various specific research domains?
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19.85 65.00

3.3. Association analysis: linking of NeuroIS
concepts
In this section, we present some results from our
attempts to explore the inter-relationships among the
various concepts in NeuroIS. As described above, we
review the existing NeuroIS literatures to identify
various NeuroIS concepts. It is reasonable to assume
that those concepts are inter-related. We thus conduct
an association (market basket) analysis [35] and
generate concept linking diagrams to illustrate the
correlations among different NeuroIS concepts.
Association (market basket) analysis identifies
association rules between items which occur
frequently together, for example, keywords which
occur frequently together among a set of articles or
grocery items bought frequently together among a set
of transactions [35]. This analysis also produces the
confidence, support and lift values for each identified
association rule. Concept link diagrams illustrate the
strengths of various terms associated with a selected
term. This selected term is the term that all the lines
are connected to. It is located in the center of the
diagram. Those terms most strongly associated with
the selected term will show up in this diagram.
In this paper, due to the length limitation, we
present only two results of concept association as
examples. Figure 1 shows the concept linking diagram
for the research concept of “design and action” as a
neuroscience theory type. In Figure 1, it is noticed that
NeuroIS research utilizes the “design and action” type
of neuroscience theory, these theories usually
contribute to the IS research by informing the design
of IT artifacts, the research often references the
disciplines of brain-computer interaction and
cognitive neuroscience, and it frequently utilizes
neuroscience tools including EEG and eye tracking
devices. Table 2 shows the support, confidence, and
lift of some of the association rules identified.

Figure 1. Concept linking diagram for the concept
“Design and Action”
Table 2. Some association rules for the concept
“Design and Action”
S
C
23.66 77.50

19.85
16.79
15.27
12.98

65.00
55.00
50.00
42.50

11.45 37.50
6.11
3.82
2.29

20.00
12.50
7.50

1.37 Design_and_action ==> Cognitive_processes
Design_and_action ==>
1.09 Development_and_use_of_system
2.06 Design_and_action ==> Contribution-1
1.52 Design_and_action ==> Cognitive_Neuroscience
1.47 Design_and_action ==> Oculometry
Design_and_action ==>
1.26 Electroencephalography_EEG
Design_and_action ==>
1.05 IS_strategy_and_business_outcomes
2.73 Design_and_action ==> Brain-computer-interaction
1.23 Design_and_action ==> Decision_Neuroscience

Note: S: Support, C: Confidence

Similarly, Figure 2 shows the concept linking
diagram for the research concept of “IS strategy and
business outcomes” as a research domain. From
Figure 2, it can be observed that for NeuroIS research
in the “IS strategy and business outcomes” domain, the
neuroscience theories often contribute to the IS
research by providing real-time bio-feedbacks on a
user’s biological state. The research often references
the disciplines including consumer neuroscience and
social neuroscience, and the research often involves
the measurement of hormone systems. Table 3 shows
the support, confidence, and lift of some of the
association rules identified

Figure 2. Concept linking diagram for the concept
“IS Strategy and Business Outcomes”
Table 3. Some association rules for the concept
“IS Strategy and Business Outcomes”
S

C

Lift

10.69 56.00

1.15

9.16 48.00
8.40 44.00

1.01
1.07

6.11 32.00

1.07

6.11 32.00

1.05

5.34 28.00

1.36

4.58 24.00

2.42

3.82 20.00

1.31

3.05 16.00

1.61

2.29 12.00

2.25

Rule
IS_strategy_and_business_outcomes ==>
Theoretical_focus
IS_strategy_and_business_outcomes ==>
Cognitive_processes
IS_strategy_and_business_outcomes ==> Explanation
IS_strategy_and_business_outcomes ==>
Electroencephalography_EEG
IS_strategy_and_business_outcomes ==>
Design_and_action
IS_strategy_and_business_outcomes ==>
Emotional_processes
IS_strategy_and_business_outcomes ==> Contribution9
IS_strategy_and_business_outcomes ==> Contribution5
IS_strategy_and_business_outcomes ==>
Social_processes
IS_strategy_and_business_outcomes ==>
Measurement_of_Hormone_system

Note: S: Support, C: Confidence

Lift
Rule
1.41 Design_and_action ==> Design_science_focus
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3.4. Correspondence analysis: relationships
between a pair of NeuroIS elements
Our collected data also enable us to investigate in finer
details the relationships between a pair of NeuroIS
elements. In this paper, we provide an example of such
pair, due to the page limitation. Among all the NeuroIS
elements identified in [31], the “neuroscience tool”
and “NeuroIS construct category” are two significant
elements that have a significant impact on the NeuroIS
research. In order to study the details of the interrelationships between these two elements, we
performed a correspondence analysis [35] between
this pair of elements, and generated an asymmetric
correspondence analysis plot. Figure 3 shows the plot
for the 20 neuroscience tools (component 1)
corresponding to the 4 NeuroIS construct categories
(component 2). Figure 4 shows the plot for the 3
neuroscience tool categories (component 1)
corresponding to the 4 NeuroIS construct categories
(component 2).

origin to the row component and the line connecting
the origin to the column component is quite small,
indicating a potential strong association between EP
and FNIS, as well as between EP and EDA. In other
words, the result shows that Near-Infrared
Spectroscopy and Electrodermal activity devices are
mainly utilized as neuroscience tools to study
emotional process NeuroIS constructs.

Figure 4. The correspondence analysis plot
between neuroscience tool category and
NeuroIS construct category

Figure 3. The correspondence analysis plot
between neuroscience tool and NeuroIS construct
category
In Figure 4, it is observed that among the different
NeuroIS construct categories (the column
component), the social process (SP) and emotional
process (EP) are farther away from the origin than the
cognitive process (CP) and decision making process
(DP) are. This implies that SP and EP are likely to have
a stronger association with the neuroscience tool (row
component) than CP and DP would have. For EP, it is
in close proximity with the neuroscience tool
Functional Near-Infrared Spectroscopy (FNIS) and
Electrodermal activity device (EDA). In either case,
the angle formed between the line connecting the

In Figure 4, it is noticed that all three neuroscience
tool categories are quite close to the origin, with
hormone system tools (Homonal) farthest from the
origin. This may indicate that any potential association
between the neuroscience tool category and NeuroIS
construct category may not be very strong. Combining
the results from Figure 3 and 4, we suggest that if we
want to investigate the relationship between the type
of NeuroIS constructs with the neuroscience tool, it is
better to study the relations with the exact
neuroscience tool, instead of the tool category.

4. Conclusion, limitation
research direction

and

future

NeuroIS, an emerging and promising nascent
field within IS, has entered its 10th year in growing
since its inception in 2007. With the increasing
number of research projects focusing on NeuroIS, and
the expanding appeal of NeuroIS to IS academia and
industry alike, we now believe it is a perfect time to
take stock and assess the state-of-the-art of NeuroIS
research in its first 10 years. Therefore, we perform a
systematic literature review (SLR) on the first 10 years
of NeurIS research publications, following the
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PRISMA SLR framework. Based on the NeuroIS
general framework described by Riedl and Léger [31],
we reviewed the collected literature, identified the
NeuroIS elements by devising a standard binary
coding protocol for abstracting these elements from
the articles, and analyzed the data to explore the
relationships among those identified NeuroIS
elements.
Besides the descriptive data analysis that
illustrates the distribution of the literature from the
perspectives of those elements, we conducted three
main analyses. First, we conducted a text cluster
analysis that groups our collected literature into 8
categories, indicating that the extant NeuroIS literature
has eight types. We briefly discussed the properties for
each of the NeuroIS research types. Then we studied
the associations among various NeuroIS concepts. We
conducted a market basket analysis and generated
concept link diagrams to illustrate the correlations
among different NeuroIS concepts. Last but not least,
we conducted a correspondence analysis on a pair of
identified NeuroIS elements (i.e., neuroscience tools
and NeuroIS construct type) to investigate the more
granulated details of the inter-relationships between
these two NeuroIS elements. The results indicate that
it may be better to investigate the correlation of
NeuroIS construction type with specific neuroscience
tools, instead of with general neuroscience tool
categories.
From our SLR results, NeuroIS researchers can
gain insights regarding the types of NeuroIS research,
the distinct properties of those different NeuroIS
research types, the interrelationship among various
NeuroIS concepts, or between a specific pair of
NeuroIS elements. These insights would help the
NeuroIS researchers to recognize new research topics,
identify significant research questions, and align their
research activities with the overall patterns of NeuroIS
research.
We are currently extending our analysis to other
NeuroIS concepts and elements and attempting to
discover more interesting insights. We are also
exploring additional analytic approaches that would be
appropriate to apply to the dataset, and obtain new
insights to new research questions. In addition, we are
making a continuous and long-term commitment to
developing a repository for NeuroIS research
publications. The dataset created and the analyses
conducted in this paper constitute the first components
of this repository. We will continue this effort in the
future, and periodically and systematically review the
repository to provide new insights of NeuroIS
research.
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